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(54) Stereoscopic image display apparatus 

(57) A stereoscopic image display apparatus has a 
display section 110 arid a visual point position detecting 
mechanism for detecting positional information of an 
observer. The display apparatus uses an optical barrier 
having a mask pattern formed therein, and makes a pat- 
terned beam pass through an optical system to illumi- 
nate a display having a discrete pixel structure and 
displaying a synthetic parallax image by use of scanning 
lines. The observer stereoscopically observes the 
image information displayed on the display. The syn- 
thetic parallax image is comprised of m parallax images 
where m is an integer not less than 3. The contents of 
the synthetic parallax image are changed according to 
visual point position information outputted from the vis- 
ual point position detecting mechanism according to 
positions of visual points of the observer. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a stereoscopic 
image display apparatus and, more particularly, to the 
apparatus suitably adapted for stereoscopic display of 
image information on a display device (display) in a tel- 
evision, a video system, a computer monitor, a game 
machine, and so on and for stereoscopic observation of 
the image information in a good condition without use of 
special glasses. 

Related Background Art 

[0002] Conventional methods for observing a stereo- 
scopic image have been suggested heretofore, for 
example, including a method for observing parallax 
images based on mutually different polarization states 
with polarized glasses and a method for guiding a pre- 
determined parallax image out of a plurality of parallax 
images (visual point images) to the eyes of an observer 
by use of a lenticular lens. 

[0003] In the case of the method using the lenticular 
lens to provide the display of stereoscopic image with- 
out special polarized glasses, the lenticular lens is 
located on the observer side of the display device and 
directivity is given to each pixel in the parallax image 
displayed on the display device so as to permit the 
observer to recognize a stereoscopic image. 
[0004] The method using the lenticular lens had an 
advantage of the capability of achieving stereoscopy 
without use of the polarized glasses but this method had 
a problem that the screen became rough because the 
lenticular lens sheet was placed in front of the display. 
[0005] In connection with it, the inventors suggested 
the stereoscopic image display apparatus that permit- 
ted the observer to observe a good stereoscopic image 
in a wide visual field, for example, in Japanese Patent 
Applications No. 8-148611, No. 8-250943, and so on. 
[0006] Suggested in the applications is the stereo- 
scopic display apparatus having a mask pattern with 
checkered aperture portions, light source means for illu- 
minating the mask pattern., and a micro optical element 
and a transmission type display device different in opti- 
cal action between in the horizontal direction and in the 
vertical direction, wherein the display device displays a 
stripe synthetic image obtained by dividing a parallax 
image for the right eye and a parallax image for the left 
eye each into a lot of strip-shape pixels, beams emitted 
from the light source means are provided with directivity 
by the micro optical element to illuminate the stripe syn- 
thetic image, and the beams are separated into at least 
two areas so as to permit the observer to visually recog- 
nize the stripe synthetic image as a stereoscopic image. 
[0007] Also suggested is the stereoscopic display 



apparatus wherein the mask pattern is formed by use of 
an optical modulator having discrete pixel structure, 
positions of visual points of the observer (an observa- 
tion position of the observer) are detected by a visual 
point detecting mechanism, and the mask pattern is 
controlled based on the information of the visual point 
positions so as to obtain a wide stereoscopic area. 

SUMMARY OF THE INVENTION 

[0008] The present invention concerns an improve- 
ment in the stereoscopic image display apparatus sug- 
gested by the inventors. 

[0009] A first object of the present invention is to pro- 
vide a stereoscopic image display apparatus that per- 
mits so-called wraparound observation of a display 
model, by which the observer can observe an image 
according to the visual point positions even if the 
observer moves so as to change the positions of the vis- 
ual points. 

[0010] A second object of the present invention is to 
provide a stereoscopic image display apparatus that 
always permits normal stereoscopy without occurrence 
of a state of pseudo stereoscopy during movement of 
the observer even if the observer moves so as to 
change the visual point positions. 
[001 1 ] A third object of the present invention is to pro- 
vide a stereoscopic image display apparatus that per- 
mits observation of a stereoscopic image either by 
switching a synthetic parallax image displayed on the 
display according to the number of parallax images that 
can be prepared or by changing a pattern shape of a 
mask pattern displayed on an optical modulator. 
[001 2] A fourth object of the present invention is to 
provide a stereoscopic image display apparatus with 
less jumping of an observation parallax image with 
movement of the visual points when the observer 
moves so as to change the positions of the visual points. 
[001 3] A fifth object of the present invention is to pro- 
vide a stereoscopic image display apparatus inrtproved 
in deterioration of the resolution In the vertical direction 
in the display of a synthetic parallax image comprised of 
plural parallax images. 

[001 4] A stereoscopic image display apparatus of the 
present invention is: 

(1 -1) a stereoscopic image display apparatus com- 
prising a visual point position detecting mechanism, 
said display apparatus being arranged to use an 
optical barrier in which a plurality of aperture por- 
tions and shield portions are arranged horizontally 
and vertically at a predetermined pitch to form a 
mask pattern, irradiate said barrier with a beam 
from light source means to obtain a patterned 
beam, make the patterned beam pass through an 
optical system to illuminate a display having a dis- 
crete pixel structure and displaying a synthetic par- 
allax image by use of scanning lines, guide beams 
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based on the parallax image displayed on the dis- 
play, to the right eye and to the left eye of an 
observer, and permit stereoscopic observation of 
image information displayed on the display, wherein 
a predetermined synthetic parallax image com- 5 
prised of plural parallax images preliminarily pre- 
pared as a set of m images where m is an integer 
not less than 3 is selected and displayed according 
to visual point position information outputted from 
the visual point position detecting mechanism. w 

Particularly, the stereoscopic image display 
apparatus is characterized: 

(1-1-1) in that a plurality of synthetic parallax 
images are provided and the predetermined is 
synthetic parallax image is selected from the 
plurality of synthetic parallax images; 
(1-1-2) in that said optical system comprises a 
vertical cylindrical lens array having a plurality 
of vertical cylindrical lenses having a generat- 20 
ing-line along the vertical direction and arrayed 
in the horizontal direction, and a horizontal 
cylindrical lens array having a plurality of hori- 
zontal cylindrical lenses having a generating- 
llne along the horizontal direction and arrayed 25 
in the vertical direction: 

(1-1-3) in that a lens pitch of said horizontal 
cylindrical lens array is m x n times a vertical 
width of the mask pattern of said optical barrier 
where n is an integer; 30 
(1 -1 -4) in that a horizontal width of stripe-shape 
irradiation areas of the m parallax images pro- 
jected to an observation position of the 
observer is set to be equal to or smaller than a 
distance between the eyes of the observer ; 35 
(1-1-5) in that the plural parallax images form- 
ing the synthetic parallax image are images 
observed from visual point positions spaced 
corresponding to a distance set to be equal to 
or smaller than a distance between the eyes; 40 
(1-1-6) in that the m parallax images displayed 
simultaneously, arxj the other parallax images 
preliminarily prepared are displayed as being 
switched according to an output from the visual 
point position detecting mechanism for detect- 45 
ing positions of visual points of the observer, 
whereby the parallax images guided to the both 
eyes of the observer always provide normal 
stereoscopy for the observer, irrespective of 
movement of the positions of the visual points; so 
(1-1-7) in that said visual point position detect- 
ing mechanism is arranged to detect on which 
side the visual points of the observer are 
located with respect to centers of stripe-shape 
Irradiation areas of the m parallax images pro- 55 
jected to the observation position, movement of 
the observer is predicted based on information 
thus detected, and the synthetic parallax image 



is displayed as being switched based thereon; 
and so on. 

Another stereoscopic image display apparatus 
of the present Invention is: 
(1-2) a stereoscopic image display apparatus com- 
prising a visual point position detecting mechanism, 
said display apparatus being arranged to form a 
mask pattern having a plurality of aperture portions 
and shield portions arranged horizontally and verti- 
cally at a predetermined pitch on a display surface 
of an optical modulator having a discrete pixel 
structure, irradiate the optical modulator with a 
beam from light source means to obtain a patterned 
beam, make the patterned beam pass through an 
optica) system comprising a vertical cylindrical lens 
array consisting of vertical cylindrical lenses having 
a generating-line along the vertical direction and a 
horizontal cylindrical lens array consisting of hori- 
zontal cylindrical lenses having a generating-line 
along the horizontal direction to illuminate a display 
having a discrete pixel structure and displaying a 
synthetic parallax image by use of scanning lines, 
guide beams based on the parallax Image dis- 
played on the display to the right eye and to the left 
eye of an observer, and permit stereoscopic obser- 
vation of image Information displayed on the dis- 
play, wherein said synthetic parallax image is 
comprised of m parallax images where m is an inte- 
ger not less than 2 and a lens pitch of the horizontal 
cylindrical lens array is m x n times a vertical width 
of the aperture portions of the mask pattern where 
n is an integer. 

Particularly, the stereoscopic image display 
apparatus is characterized: 

(1-2-1) in that a pattern shape of the mask pat- 
tern of the optical modulator is changed 
according to visual point position information 
outputted from the visual point position detect- 
ing mechanism according to positions of visual 
points of the observer; 

(1-2-2) in that a horizontal width of stripe-shape 
irradiation areas of the m parallax images pro- 
jected to an observation position of the 
observer is set to be equal to or smaller than a 
distance between the eyes of the observer; 
(1-2-3) In that the plural parallax images form- 
ing the synthetic parallax image are images 
observed from visual point positions spaced 
corresponding to a distance set to be equal to 
or smaller than a distance between the eyes; 
(1-2-4) in that a pattern shape of the mask pat- 
tern of the optical modulator Is changed 
according to an output from the visual point 
position detecting mechanism for detecting 
positions of visual points of the observer, 
whereby the parallax images guided to the both 
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eyes of the observer are controlled so as to 
provide normal stereoscopy for the observer; 
(1-2-5) in that each aperture portion of the 
mask pattern of the optical modulator is com- 
prised of a plurality of pixels, whereby each 
stripe-shape irradiation area projected to an 
observation position is controlled to be divided 
into a plurality of areas; 
(1-2-6) by comprising switching means for 
changing the contents of the synthetic parallax 
image according to visual point position infor- 
mation outputted from the visual point position 
detecting mechanism according to positions of 
visual points of the ot>server where the number 
of parallax images Is m or more; 
(1 -2-7) in that when said m parallax images are 
projected into m vertical stripe-shape areas at 
an observation position, a pattern shape of 
said mask pattern Is switched periodically and 
in synchronism therewith, the parallax images 
displayed on said display device are displayed 
as being switched, whereby the parallax 
images projected into the same areas in the 
vertical stripe-shape parallax Images projected 
to the observation position are always the 
same parallax images; and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Rg. 1 is a diagram to show the external view of 
Embodiment 1 of the present invention; 
Rg. 2 Is a block diagram to show the system of 
Embodiment 1 ; 

Fig. 3 is a schematic diagram to show the main part 
of the display section of the display of Embodiment 
1: 

Fig. 4 is an explanatory diagram to explain the 
mask pattern in Embodiment 1 ; 
Rg. 5 is an explanatory diagram to explain synthe- 
sis of image in Embodiment 1 ; 
Rg. 6 is an explanatory diagram to explain the opti- 
cal action in Embodiment 1 ; 
Rg. 7 is an explanatory diagram to explain the opti- 
cal action in Embodiment 1 ; 
Rg. 8 is an explanatory diagram to explain the opti- 
cal action in Embodiment 1 ; 
Fig. 9 is an explanatory diagram to explain the opti- 
cal action in Embodiment 1 ; 
Rg. 10 is an explanatory diagram to explain the 
optical action in Embodiment 1 ; 
Fig. 11 is an explanatory diagram to explain the 
optical action in Embodiment 1 : 
Rg. 12 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Rg. 13 is an explanatory diagram to explain the dis- 



play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 14 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 

5 mask pattern in Embodiment 1 ; 

Fig. 1 5 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Rg. 16 is an explanatory diagram to explain the dis- 

10 play method of the synthetic parallax image and the . 
mask pattern in Embodiment 1 ; 
Fig. 1 7 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 

15 Fig. 1 8 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 1 9 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 

20 mask pattern in Embodiment 1 ; 

Fig. 20 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 21 is an explanatory diagram to explain the dis- 

25 play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 22 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 

30 Fig. 23 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 24 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 

35 mask pattern in Embodiment 1 ; 

Fig. 25 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 26 is an explanatory diagram to explain the dis- 

40 play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 27 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 

45 Fig. 28 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Fig. 29 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 

50 mask pattern in Embodiment 1 ; 

Fig. 30 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 1 ; 
Rg. 31 is a diagram to show the external view of 

55 Embodiment 2; 

Fig. 32 Is a block diagram to show the system of 
Embodiment 2; 

Fig. 33 Is a schematic diagram to show the main 
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part of the display section of the display of Embodi- 
ment 2; 

Fig. 34 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; s 
Fig. 35 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; 
Fig. 36 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the io 
mask pattern in Embodiment 2; 
Fig. 37 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; 

Fig. 38 is an explanatory diagram to explain the dis- is 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; 
Fig. 39 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; 20 
Fig. 40 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 2; 
Fig. 41 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 25 
mask pattern in Embodiment 2; 
Fig. 42 is a schematic diagram to show the main 
part of the display section of the display of Embodi- 
ment 3; 

Fig. 43 is an explanatory diagram to explain the dis- 30 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 
Fig. 44 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 35 
Fig. 45 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 
Fig. 46 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 40 
mask pattern in Embodiment 3; 
Fig. 47 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 

Fig. 48 is an explanatory diagram to explain the dis- 45 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 
Fig. 49 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; so 
Fig. 50 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 3; 
Fig. 51 is a schematic diagram to show the main 
part of the display section of the display of Embodi- ss 
ment 4; 

Fig. 52 is an explanatory diagram to explain the 
mask pattern in Embodiment 4; 



Fig. 53 is an explanatory diagram to explain synthe- 
sis of image in Embodiment 4; 
Fig. 54 is an explanatory diagram to explain the 
optical action in Embodiment 4; 
Fig. 55 is an explanatory diagram to explain the 
optical action in Embodiment 4; 
Fig. 56 is an explanatory diagram to explain the 
optical action in Embodiment 4; 
Fig. 57 is an explanatory diagram to explain the 
optical action in Embodiment 4; 
Fig. 58 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 4; 
Fig. 59 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Emtx)diment 4; 
Fig. 60 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 4; 
Fig. 61 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 4; 
Fig. 62 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 4; 
Fig. 63 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in EmtxxJiment 4; 
Fig. 64 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 4; 
Fig. 65 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 66 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 67 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 68 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 69 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 70 is an explanatory diagram to explain the 
optical action in Embodiment 5; 
Fig. 71 is a block diagram to show the system of 
Embodiment 6; 

Fig. 72 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 6; 
Fig. 73 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 6; 
Fig. 74 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 6; and 
Fig. 75 is an explanatory diagram to explain the dis- 
play method of the synthetic parallax image and the 
mask pattern in Embodiment 6. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[Embodiment 1] 

[001 6] Embodiment 1 of the stereoscopic image dis- 
play apparatus of the present invention will be described 
referring to Fig. 1 to Fig. 30. 

[001 7] Fig. 1 is a diagram to show the external view of 
the main part of present EmtxxJiment 1 . In the same fig- 
ure, reference numeral 100 designates the main body to 
show the whole of the present apparatus. Numeral 110 
designates a display section of the display. Numeral 120 
represents a visual point position detecting mechanism 
(detecting mechanism) for detecting the positions of the 
visual points of the observer (the positions of the eyes 
or the position of the head). Numeral 121 denotes a 
camera lens of the detecting mechanism 120. 
[0018] Fig. 2 is a block diagram of the main part to 
explain the system of Embodiment 1 . In the same figure 
the display section 1 1 0 has a transmission type display 
device (display) 210 of the liquid crystal or the like for 
displaying a stereoscopic image with parallax (a paral- 
lax image), an optical barrier 240 having a checkered 
mask pattern, and a back light source (light source 
means) 250. and two lenticular lenses 220, 230 having 
respective generating-llnes along orthogonal directions 
are disposed between the display 210 and the optical 
barrier 240. 

[0019] A display drive circuit 260 drives the display 
210, based on a signal from an image processing unit 
270. Numeral 280 denotes an observer who is observ- 
ing the display 210. 

[0020] Numeral 290 indicates a visual point position 
detecting sensor forming the visual point position 
detecting mechanism 120 for detecting the positions of 
the visual points of the observer 280. and 291 a visual 
point position detecting circuit from which the image 
processing unit 270 captures the information of the vis- 
ual point positions and processes the parallax image 
displayed on the display 210. based thereon. 
[0021 ] Fig. 3 Is a schematic diagram to show the main 
part of the display section 110 of Fig. 2. In Fig. 3, 
numeral 250 represents the back light source (light 
source means) and 240 the optical barrier which is com- 
prised of a mask pattern 241 consisting of predeter- 
mined aperture portions 242 and shield portions 243. 
[0022] Numeral 230 stands for a horizontal lenticular 
lens (horizontal cylindrical lens array) having the gener- 
ating-line extending along the horizontal direction H, 
which Is comprised of a lot of plano-convex, horizontal 
cylindrical lenses arranged In the vertical direction V. 
For the horizontal lenticular lens 230, the lens curvature 
is set so as to form Images of the aperture portions and 
shield portions of the mask pattern 241 on the image 
display surface of the display 210. 
[0023] The lens pitch (width) VI of the horizontal len- 
ticular lens 230 is set to be equal to m times the vertical 



pitch Vm of the aperture portions 242 of the mask pat- 
tern 241 where m is the number of parallax images dis- 
played on the display device 241. whidi will be 
described hereinafter. This figure shows an example of 

5 m = 3. 

[0024] Numeral 220 represents a vertical lenticular 
lens (vertical cylindrical lens array) having the generat- 
ing-line along the vertical direction V, which Is com- 
posed of a lot of plano-convex, vertical cylindrical lenses 
10 arranged In the horizontal direction H. For the vertical 
lenticular lens 220. the lens curvature is set so as to 
form an image of the mask pattern 241 at the observa- 
tion position by each cylindrical lens forming the lenticu- 
lar lens 220. 

15 [0025] The horizontal pitch Hm of the aperture por- 
tions 242 and the shield portions 243 of the mask pat- 
tern 241 corresponds to one pitch (width) HI of the 
vertical cylindrical lenses of the vertical lenticular lens 
220. 

20 [0026] Numeral 210 Indicates the display device (dis- 
play) for displaying an Image, which is comprised of a 
transmissive liquid crystal element or the like. In Fig. 3. 
a glass cover, a polarizing plate, electrodes, etc. of the 
display 210 are omitted from the illustration and the dis- 

25 play image on the display surface and the pattern shape 
of the mask pattern 241 are schematically Indicated. 
[0027] Er and El represent the right and left eyes, 
respectively, of the observer 280 observing the image. 
Now. let us explain the mask pattern 241 consisting of 

30 the aperture portions and the shield portions formed in 
the optical barrier 240, referring to Fig. 4. 
[0028] Rg. 4 Is a front view of the mask pattern 241 
illustrated in Rg. 3. As Illustrated in the same figure, the 
mask pattern 241 is composed of the aperture portions 

35 242 and the shield portions 243 having the horizontal 
pitch Hm and the vertical width Vm. 
[0029] Next described with Fig. 5 is a synthetic paral- 
lax image displayed on the display device 210. In the 
same figure G1 , G2. G3 indicate three parallax images 

40 corresponding to aforementioned m = 3. and these par- 
allax Images are processed by the image processing 
unit 270 illustrated in Fig. 2 In such a manner that they 
are divided into a lot of stripe images of horizontal 
stripes as illustrated and the stripe Images Gil. G2I. G3i 

45 obtained from the parallax images G1 . G2. G3 are rear- 
ranged every scanning line to obtain the synthetic paral- 
lax image G123. 

[0030] In cases where m is not equal to 3. the syn- 
thetic parallax Image Is also prepared similarly from m 
50 parallax images according to m. Data of the synthetic 
parallax Image prepared in this way is supplied to the 
display drive circuit 260 of Fig. 2 and is displayed on the 
display device 210. 

[0031 ] The parallax images Gl , G2, G3 correspond to 
55 images photographed from respective visual point posi- 
tions spaced at the spacing of eye distance (distance 
between the eyes) E. Including the parallax images 
used in the description hereinafter, the parallax images 
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... G4, G3, G2. Gi. GO. G-1, G-2.... are images obtained 
by the same method. 

[0032] The operation o1 stereoscopic image display 
will be described referring to Fig. 6 to Fig. 1 1 . 
[0033] Fig. 6 is a horizontal sectional view (HZ sec- s 
tional view) of the display section 110. In the same fig- 
ure, the light from the back light source 250 comes out 
of the aperture portions 242 of the mask pattern 241 in 
the optical barrier 240 to pass through the horizontal 
cylindrical lens 230 (though the horizontal lenticular 
lens has no specific optical action in this cross section). 
[(K)34] Through each cylindrical lens forming the ver- 
tical lenticular lens 220. the transmitted beams from the 
aperture portions 242 of the mask pattern 241 are radi- 
ated to be focused as a beam of a vertical stripe at the 
observation position of the observer 
[0035] The beams are modulated by the synthetic par- 
allax image displayed on the display device 210 dis- 
posed between the vertical lenticular lens 220 and the 
observer and in the cross section of Fig. 6, they pass, 
for example, the stripe images of lines G11, G14, 
G17,... synthesized from the parallax image G1 illus- 
trated in Fig. 5. to be radiated into a radiated parallax 
image area GSI at the observation position 
[0036] Likewise, in the cross section corresponding to 
a scanning line immediately below the scanning line of 
Fig. 6. the aperture portions 242 of the mask pattern 

241 are shifted by one aperture, so that the beams 
passing through the aperture portions 242 are radiated 
into a radiated parallax image area GS2 at the observa- 
tion position, as illustrated in Fig. 7. 
[0037] These beams are modulated by the synthetic 
parallax image displayed on the display device 210 dis- 
posed between the vertical lenticular lens 220 and the 
observer and in this cross section, they are the beams 
passing through the stripe images of lines G22, G25. 
G28.... synthesized from the parallax image G2 illus- 
trated in Fig. 5. 

[0038] Likewise, in the cross section corresponding to 
a scanning line immediately below the scanning line of 
Fig. 7, the beams are radiated into a radiated parallax 
image area GS3 at the observation position, as illus- 
trated in Fig. 8, These beams are the beams passing 
through the stripe images of lines G33, G36, G39,... 
synthesized from the parallax image G3 illustrated in 
Fig, 5. 

[0039] Fig. 9 is a vertical sectional view (ZV sectional 
view) of the display section 110 for display of stereo- 
scopic image. In this cross section the aperture portions 

242 of the mask pattern 241 illuminated by the back 
light source 250 are arranged so that images of the 
aperture portions 242 of the optical barrier 240 are 
formed at a magnification corresponding to the pixel 
width of the display device 210 on the image display 
surface of the display device 210 by the action of the 
horizontal lenticular lens 230. and the positions of the 
optical barrier 240, the display device 210, and the hor- 
izontal lenticular lens 230 are set appropriately so as to 



radiate only the element stripe images of the parallax 
image G1. 

[0040] Likewise, in the pixel column one pixel next to 
that of Fig. 9, only the element stripe images of the par- 
allax image G2 are radiated as illustrated in Fig. 10. 
[0041] Likewise, in the pixel column one pixel next to 
that of Fig. 10, only the element stripe images of the 
parallax Image G3 are radiated as illustrated in Fig. 1 1 . 
[0042] When the parallax images GI , G2, G3 are the 
parallax images corresponding to the eye distance and 
the observer places the both eyes in these radiated par- 
allax image areas, the observer can observe these par- 
allax images separately and independently by the left 
and right eyes, thus achieving stereoscopy accordingly. 
[0043] Fig. 12 to Fig. 16 are explanatory diagrams of 
the stereoscopy. In Fig. 12, the left figure is a horizontal 
sectional view of the display 110 and the right figure 
includes the mask pattern 241 of the barrier 240, the 
synthetic parallax image 211 displayed on the display 
210, and a radiated parallax image 284 at the observa- 
tion position. The radiated parallax image 284 is com- 
prised of the parallax images G1, G2, G3 and Fig. 12 
shows a state in which the left and right eyes El, Er of 
the observer are located at the positions of the parallax 
images G2, G3. 

[0044] For easy understanding of the description, the 
same locations of respective areas in the radiated par- 
allax image will be denoted by the same addresses 1 to 
9. 

[0045] Fig. 1 3 is a diagram to show only the radiated 
parallax image 284 of Fig. 12 again. Fig. 14 shows a 
state in which after the observer moved to the right, the 
left and right eyes are in the areas of the parallax 
images G1, G2, respectively. The states of Fig. 13 and 
Fig. 14 are those permitting normal stereoscopy for the 
observer. If the observer moves to the left or to the right 
from these states and if the left and right eyes El, Er are 
located in the areas of G3, GI, respectively, as illus- 
trated in Fig. 1 5 or Fig. 16, the observer is in the state of 
pseudo stereoscopy in which the observation of the par- 
allax images is reverse, and normal stereoscopic obser- 
vation is impossible. 

[0046] Now, let us explain the structural conditions of 
the optical system in the horizontal cross section, refer- 
ring to Fig. 6. In the present specification the distances 
between the optical elements are handled as reduced 
distances. The reduced distances are so-called optical 
distances, each obtained by reducing a distance 
between two optical elements to a value in air with a ref- 
erence point at the image display surface in the case of 
the display device, at the mask pattern display surface 
in the case of the optical barrier, or at the principal point 
on the side where the distance is intended to measure 
in the case of the lenticular tenses. 
[0047] As illustrated in Rg. 6, let Lh2 be distance 
between the vertical lenticular lens 220 and the mask 
pattern 241 (an optical spacing as a reduced value in air 
from the distance between the mask-side principal point 
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of the vertical lenticular lens 220 and the mask pattern 
241). Lhl be a distance from the predetermined obser- 
vation position to the vertical lenticular lens 220 (an opti- 
cal spacing as a reduced value in air from the distance 
between the observation position arxJ the observer-side 
principal point of the vertical lenticular lens 220), Hmw 
be the horizontal width of the aperture portions 242 of 
the mask pattern 241, Hm be the horizontal pitch 
between adjacent aperture portions. HI be the pitch 
(width) of the vertical cylindrical lenses composing the 
vertical lenticular lens 220, E be the spacing between 
the left and right eyes of the observer, and m be the 
number of parallax images forming the synthetic paral- 
lax image. Then the apparatus is constructed so as to 
satisfy the following conditions. 

(m - 1)*E/Hm = Lh1/Lh2 (Eq. 1) 

Lh1/(Lh1 + Lh2) = Hl/Hm (Eq. 2) 

Hnriw*m = Hm (Eq. 3) 

Fig. 6 shows the example of m = 3. 
[0048] Next described is the function to enable the 
otjserver to always observe a normal stereoscopic 
image without occurrence of the state of pseudo stere- 
oscopy even with change in the observation position of 
the observer. In the description heretofore, the normal 
stereoscopy was possible as long as the left and right 
eyes of the observer were in the respective areas in 
which the parallax images corresponding to the respec- 
tive eyes were radiated; othenvise the eyes were in the 
state of pseudo stereoscopy and the normal stereos- 
copy was thus impossible. 

[0049] In order to overcome this drawback. Embodi- 
ment 1 is arranged to capture the visual point position 
information of the observer 280 obtained through the 
visual point position detecting sensor 290 and switch 
the parallax image displayed on the display 210 accord- 
ing to the positions of the visual points by the image 
processing unit 270. as illustrated in the block diagram 
of Fig. 2. 

[0050] The best method for the present embodiment 
is to detect the positions of the eyes of the observer or 
the positions of the pupils of the eyes as the positions of 
the visual points of the observer 280. There are various 
suggestions heretofore on the methods for detecting the 
positions of the human eyes or the methods for detect- 
ing the positions of the pupils, and they can be applied 
to the apparatus of the present invention. For example. 
Japanese Laid-open Patent Application No. 2-50145 
discloses an embodiment arranged to radiate infrared 
light to a man, photograph the observer with a TV cam- 
era, and detect the positions of the eyes from motion of 
the observer's head. 

[0051] Further, USP No. 5.218.387, USP No. 
5,231.674, etc. disclose methods for photographing the 
face and extracting reflection images of the corneas or 



images of the pupils of the observer's eyes by image 
processing to detect the positions of the pupils. 
[0052] Enlargement of the stereoscopic region of 
Embodiment 1 can be achieved by changing the display 

5 contents of the parallax image displayed on the display 
device according to the positions of the visual points 
and in that case, there are a first method applied where 
a lot of parallax images can be prepared and a second 
method applied where the number of parallax images 

10 that can be prepared is limited. 

[0053] Fig. 17 to Fig. 22 are explanatory diagrams 
concerning the first method. Fig. 17 shows the state of 
Fig. 13 where the left and right eyes El. Er are located in 
the areas of the parallax images G2, G3. respectively. 

15 which was referred to previously, and shows the posi- 
tions of the left and right eyes in detail. 
[0054] Specifically, the left and right eyes El. Er are 
located on the right side of the center lines c of the 
areas of the parallax images G2, G3. In the range from 

20 this state to the state where the both eyes are located 
on the left side of the center lines of the parallax images 
G1. G2 in Fig. 18, the parallax images G1. G2, G3 as 
shown in the synthetic parallax image 211 are displayed 
in the display device 210. 

25 [0055] When the observer moves and, for example, 
when the left and right eyes El, Er move into the left side 
of the center lines c of the parallax images G2. G3 as 
illustrated in Fig. 1 9. the parallax image G4 immediately 
next to the parallax image G3 is displayed at the stripe 

30 pixel positions where the parallax image Gl was 
present before, in the synthetic parallax image 21 1 on 
the display. In the range up to a state in which the left 
and right eyes El, Er are located on the right side of the 
center lines of the parallax images G3, G4 (not illus- 

35 trated). the parallax images G2. G3, G4 illustrated in 
Fig. 19 are displayed as the synthetic parallax image 
21 1 on the display device 210. 

[0056] Likewise, when the observer moves further and 
when the left and right eyes El. Er move into the left side 

40 Of the center lines c of the parallax images G3, G4 as 
illustrated in Fig. 20, the parallax image G5 immediately 
next to the parallax image G4 is displayed at the stripe 
pixel positions where the parallax image G2 was 
present before, in the display image 21 1 on the display. 

45 [0057] If the observer moves to the right the parallax 
image GO or G-1 one next will be displayed in order as 
illustrated in Fig. 21 or in Fig. 22. 
[0058] As described above, the stereoscopic observa- 
tion becomes possible without occurrence of the 

50 pseudo stereoscopy by preliminarily preparing a lot of 
parallax images and successively displaying three 
images as a set according to the positions of the visual 
points. In this case, the so-called wraparound display 
capable of displaying the side faces of a display nnodel 

55 also becomes possible by properly selecting the paral- 
lax images. 

[0059] The above exemplified the example in which 
the parallax images were three images displayed simul- 
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taneously, and the operation is similar thereto in cases 
where the parallax images displayed at one time are 
four or more images. 

[0060] Next described referring to Fig. 23 to Fig, 30 is 
the second method in which the number of parallax 
images that can be prepared is limited, for example, in 
the case of three images. 

[0061] Fig. 23 is the state of Fig. 17, referred to previ- 
ously where the left and right eyes El, Er are in the 
areas of the parallax images G2, G3. respectively, and 
also shows the state of the mask pattern at this time. As 
described before in the first method, the synthetic paral- 
lax image 211 illustrated is displayed in the display 
device 210 in the range from the state of Fig. 23 where 
the left and right eyes El, Er are located on the right side 
of the center lines c of the areas of the parallax images 
G2. G3 to the state of Fig. 24 where the left and right 
eyes are located on the left side of the center lines of the 
parallax images Gl , G2, 

[0062] When the observer moves, for example, to the 
left and when the left and right eyes El, Er are located at 
the positions illustrated in Fig. 25 or Fig. 26, the parallax 
image G1 is displayed at the stripe pixel positions where 
the parallax image G2 was present before and the par- 
allax image G2 at the stripe image positions where the 
parallax image G3 was present before, in the synthetic 
parallax image 21 1 in the display 
[0063] When the observer moves to the right and 
when the left and right eyes El. Er are located at the 
positions illustrated in Fig. 27 or Fig. 28, the synthetic 
parallax image illustrated is displayed in the display 
image 21 1 on the display. When the observer moves 
further to the right and when the left and right eyes are 
at the positions shown in Fig. 29 or Fig. 30. the synthetic 
parallax image is switched as illustrated. 
[0064] As described above, the stereoscopic observa- 
tion can be achieved without occurrence of the pseudo 
stereoscopy. by successively switching the contents of 
the synthetic parallax image synthesized from the paral- 
lax images of the limited three images according to the 
positions of the visual points. 

[0065] Namely the present embodiment enables the 
stable stereoscopic observation without prominence of 
switching timing by detecting on which side the eyes are 
located in each area of the radiated parallax image with 
respect to the center of the area and switching the syn- 
thetic parallax image with predicting to which direction 
the observer's head is moving, based on the informa- 
tion. 

[Embodiment 2] 

[0066] Embodiment 2 of the stereoscopic image dis- 
play apparatus of the present invention will be described 
referring to Fig. 31 to Fig. 41 . Members having the same 
functions as in Embodiment 1 will be denoted by the 
same reference symbols and differences will be 
described mainly 



[0067] Fig. 31 is a diagram to show the external view 
of present Embodiment 2. In Fig. 31 , reference numeral 
111 designates a 3D window in which a stereoscopic 
image is displayed in the display section 1 10 of the dis- 

5 play Fig. 32 is a block diagram to explain the system of 
Embodiment 2. In Fig. 32 the display section 1 10 is sim- 
ilar to the display device 210 of Embodiment 1 but the 
display section of Embodiment 2 displays either of a 
stereoscopic image with parallax (parallax image) and 

10 an ordinary two-dimensional image without parallax. An 
area in which the parallax image is displayed corre- 
sponds to the 3D window 1 11 of Fig. 31 . 
[0068] Numeral 340 represents an optical barrier, 
which is an optical modulator of the liquid crystal or the 

15 like having the discrete pixel structure, used in place of 
the optical barrier 240 of Embodiment 1. The display 
drive circuit 260 performs the display of parallax image 
on the display 210, based on the signal from the image 
processing unit 270, as in Embodiment 1 , and also out- 

20 puts information about the size and position of the 3D 
window displayed on the display to a signal synthesizing 
circuit 330. 

[0069] The information of the visual point position 
detecting circuit 291 is also outputted to the signal syn- 

25 thesizing circuit 330. The signal synthesizing circuit 330 
synthesizes information for driving the optical modulator 
(optical modulator drive circuit) 340. based on the two 
information, and outputs the information to an optical 
modulator drive circuit 320. 

30 [0070] The optical barrier 340 is driven by the optical 
modulator drive circuit 320 to display a checkered mask 
pattern on the display surface thereof. Fig. 33 is a sche- 
matic diagram to show the main part of the display sec- 
tion 1 10 of the display 

35 [0071 ] Fig. 33 is different from Fig. 3 of Embodiment 1 
only in that the optical barrier 240 is constructed of, the 
optical modulator 340. The mask pattern 341 comprised 
of aperture portions 342 and shield portions 343 is 
formed in this optical modulator 340. 

40 [0072] The contents of the mask pattern 341 associ- 
ated with the 3D window 111 are similar to Fig. 4 in 
Embodiment 1. The parallax image displayed in the 3D 
window section of the display device 210 is also similar 
to that in Fig. 5 of the preceding embodiment, and the 

45 present embodiment is also similar to the preceding 
embodiment in the operation for displaying the stereo- 
scopic image as illustrated in Fig. 6 to Fig. 11, in the 
explanatory diagrams of Fig. 12 to Fig. 16, and the 
structural conditions of the optical system. The present 

50 embodiment has two functional differences from 
Embodiment 1. 

[0073] The first difference is that the present embodi- 
ment permits selective display of a stereoscopic image 
and a two-dimensional image by displaying the check- 
55 ered pattern in the portion corresponding to the area of 
the 3D window 1 1 1 , of the mask pattern 341 displayed 
in the optical modulator 340 and keeping the portion 
corresponding to the ordinary image display section in a 
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transparent state. 

[0074] The second difference is that if the number of 
parallax images that can be prepared is limited, for 
example, to three, the observation area of the stereo- 
scopic image can be enlarged by changing the mask 
pattern 341 without changing the display of parallax 
image. 

[0075] The first function is achieved by applying the 
technology suggested before by the inventors and 
described in Japanese Patent Application No, 8- 
260943. 

[0076] The following explains the function to enable 
the observer always to observe a normal stereoscopic 
image without occurrence of the state of pseudo stere- 
oscopy by switching the mask pattern 341 according to 
the positions of the visual points even with change in the 
observation position of the olDserver. which is the sec- 
ond feature, referring to Fig. 34 to Fig. 41 . 
[0077] Fig. 34 and Fig. 35 show the same states as 
Fig. 17 and Fig. 18, and also indicate the mask pattern 
341 in these states. The details of the operation are the 
same as in Embodiment 1 . 

[0078] When the observer moves and, for example, 
when the left and right eyes El. Er go into the left side of 
the center lines c of the parallax images G2. G3 as illus- 
trated from Fig. 36 to Fig. 37. the aperture portions 342 
of the mask pattern 341 are moved by one aperture to 
the left as illustrated, without changing the synthetic 
parallax image 21 1 displayed on the display 
[0079] This causes the radiated parallax image 284 to 
move by one parallax image area to the left. In the 
states of Fig. 38 and Fig. 39 where the observer moves 
to the right, the mask pattern 341 is moved by one aper- 
ture to the right as illustrated, without changing the syn- 
thetic parallax image 211 displayed on the display 
whereby the radiated parallax image 284 is moved by 
one parallax image area to the right. 
[0080] When the observer moves further to the right 
into the state of Fig. 40 or Fig. 41. the radiated parallax 
image 284 is moved further by one parallax image area 
to the right by switching the mask pattern 341 into the 
illustrated state. After that, the like control is carried out 
for left or right movement of the observer. 
[0081] As described above, the present embodiment 
enables the stereoscopic observation without occur- 
rence of the pseudo stereoscopy by using three parallax 
images and successively switching the mask pattern 
341 according to the positions of the visual points. 
[0082] The above described the example in which the 
parallax images were three images displayed simulta- 
neously, and the operation is also similar where the 
number of parallax images is limited to four or more. 

[Embodiment 3] 

[0083] Embodiment 3 of the present invention will be 
described next. In preceding Embodiment 1 and 
Embodiment 2 the stereoscopic observation is always 



possible without occurrence of the state of pseudo ster- 
eoscopy even with movement of the observer, but the 
jumping state of image occurs because of the switching 
of the synthetic parallax image during the movement. 

5 [0084] Present Emtxxiiment 3 overcomes this draw- 
back and provides a stereoscopic image display appa- 
ratus always permitting stable stereoscopy. 
[0085] Embodiment 3 will be described with focus on 
differences from Embodiment 2, referring to Fig. 42 to 

10 Fig. 50. 

[0086] Fig. 42 is a schematic diagram to show the 
main part of the display section 1 10 for display of stere- 
oscopic image, which corresponds to Fig. 33 in Embod- 
iment 2. 

15 [0087] The present embodiment is different from Fig. 
33 in that the optical modulator 340 is replaced by an 
optical modulator 440 and the contents of mask pattern 
441 displayed therein are changed. 
[0088] In the figure each aperture portion 442 of the 

20 mask pattern 444 displayed in the optical modulator 440 
is comprised of plural pixels in Embodiment 3, different 
from the structure in which each aperture was com- 
prised of one pixel in Embodiment 2. The figure shows 
an example in which each aperture is comprised of two 

25 pixels 444, 445 in the horizontal direction. 

[0089] Therefore, the state corresponding to Fig. 34 of 
Embodiment 2 is as illustrated in Fig. 43. In Fig. 43 each 
radiated parallax image area of the radiated parallax 
image 484 is comprised of two partial areas corre- 

30 sponding to two pixels and Fig. 34 shows an example of 
partial areas 485. 486 corresponding to the pixels 444. 
445 of the aperture portion of the mask pattern 441 . 
[0090] When the left and right eyes El, Er are located 
at the positions illustrated in Fig. 43 or Fig. 44, the syn- 

35 thetic parallax image 21 1 and the mask pattern 441 
illustrated are displayed on the display device 210 and 
on the optical modulator 440. respectively 
[0091] In the drawing GS2 or GS3 indicates the width 
of the radiated parallax image areas of the vertical 

40 Stripes in the radiated parallax image 484 and d is half 
of the width. In Fig. 43 or Fig. 44 the left and right eyes 
are present in this width d. 

[0092] When the observer moves from this state to the 
left and when the left and right eyes El, Er are present in 

45 the range of Fig. 45 or Fig, 46, the aperture portions 442 
of the mask pattern 441 are moved by one pixel to the 
left as illustrated without changing the synthetic parallax 
image 211, whereby the radiated parallax image 484 is 
moved by an area corresponding to one pixel to the left. 

50 [0093] Conversely, when the observer moves to the 
right, the mask pattern 441 is controlled as illustrated in 
Fig. 47 or Fig. 48 without changing the synthetic paral- 
lax image 21 1. Fig. 49 and Fig. 50 show states where 
the observer moved further. 

55 [0094] The present embodiment enables the stable 
stereoscopic image observation without occurrence of 
the pseudo stereoscopy and without change in the par- 
allax image observed, by using the three parallax 
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images and successively switching the mask pattern 
441 according to the positions of the visual points in the 
above control. 

[0095] The above exemplified the example In which 
each aperture portion of the mask pattern was com- 
prised of two pixels, but It is also possible to provide a 
stereoscopic image display apparatus without switching 
of the parallax image during the movement and without 
occurrence of jumping of image similarly where each 
aperture is comprised of three or more pixels. 

[Embodiment 4] 

[0096] Embodiment 4 of the present invention will be 
described below. 

[0097] Embodiment 3 necessitated three or more par- 
allax images, whereas Embodiment 4 provides a stere- 
oscopic image display apparatus that can always 
provide stable stereoscopy similarly without jumping of 
the parallax image by use of two parallax images. 
[0098] Embodiment 4 will be described referring to 
Fig. 51 to Fig. 64. Fig. 51 is a schematic diagram to 
show the main part of the display section 11 0 for display 
of stereoscopic image. 

[0099] In Fig. 51. numeral 250 designates the back 
light source (light source means) and 540 the optical 
modulator having the discrete pixel structure, in the dis- 
play surface of which the mask pattern 541 comprised 
of aperture portions 542 and shield portions 543 is 
formed. Each aperture portion 542 is composed of 
three pixels 544. 545. 546 and each shield portion 543 
is also composed similarly of three pixels. 
[0100] Numeral 530 represents the horizontal lenticu- 
lar lens (horizontal cylindrical array) having the generat- 
ing-line along the horizontal direction H, which is 
composed of a lot of plano-convex, horizontal cylindrical 
lenses arranged in the vertical direction V. Each cylindri- 
cal lens of the horizonal lenticular lens 530 has the lens 
curvature set so that images of the aperture portions 
and shield portions of the mask pattern 541 are formed 
on the image display surface of the display device 210. 
[0101] The lens pitch (width) VI of the horizontal len- 
ticular lens 530 is set so as to be equal to double the 
vertical pitch Vm of the aperture portions 542 of the 
mask pattern 541. 

[0102] Numeral 520 indicates the vertical lenticular 
lens (vertical cylindrical lens array) having the generat- 
ing-line along the vertical direction V. which is com- 
posed of a lot of plano-convex, vertical cylindrical lenses 
arranged in the horizontal direction H. Each cylindrical 
lens forming the vertical lenticular lens 520 has the lens 
curvature set so that an image of the mask pattern 541 
is formed at the observation position. 
[0103] The horizontal pitch Hm of the aperture por- 
tions 542 and shield portions 543 of the mask pattern 
541 is set to be equal to one pitch (width) HI of the ver- 
tical cylindrical lenses of the vertical lenticular lens 520. 
[0104] In Fig. 51 , the glass covers, polarizing plates. 



electrodes, etc. of the display device 210 and the optical 
modulator 540 are omitted from the illustration and the 
display image on the display surface and the mask pat- 
tern shape are illustrated schematically. 

5 [0105] Described below referring to Fig. 52 is the 
mask pattern 541 comprised of the aperture portions 
and the shield portions, displayed in the optical modula- 
tor 540. Fig. 52 is a front view of the mask pattern 541 
illustrated in Fig. 51. 

10 [0106] As illustrated, the mask pattern 541 is com- 
posed of the aperture portions 542 and the shield por- 
tions 543 having the horizontal pitch Hm and the vertical 
width Vm. Each aperture portion 542 is composed of 
three pixels 544. 545, 546 and each shield portion 543 

15 is also composed similarly of three pixels. 

[0107] Next described referring to Fig. 53 is the paral- 
lax image displayed on the display device 210. 
[0108] In Fig. 53 a synthetic parallax image G12 is 
formed by dividing each of two parallax images G1 , G2 

20 corresporxling to the left and right eyes into a lot of 
stripe images of horizontal stripes as illustrated and 
rearranging the stripe images Gli, G2i formed from the 
parallax images G1, G2 every scanning line. 
[0109] The operation to display the stereoscopic 

25 image will be described referring to Fig. 54 to Fig. 57. 
Fig. 54 is a horizontal sectional view of the display sec- 
tion 1 10 for display of stereoscopic image. 
[0110] In Fig. 54. the light from the back light source 
250 is emergent from the aperture portions 542 of the 

30 mask pattern 541 of the optical modulator 540 and 
passes through the horizontal cylindrical lens 530 
(though the horizontal lenticular lens has no specific 
action in this cross section). 

[01 11 ] Through each cylindrical lens forming the ver- 
35 tical lenticular lens 520, the transmitted beams from the 
aperture portions 542 of the mask pattern 541 are radi- 
ated into a radiated parallax image area GS1 at the 
position of the observer. 

[0112] The beams radiated Into this area GSl are 

40 modulated by the synthetic parallax image displayed on 
the display device 210 provided between the vertical 
lenticular lens 520 and the observer. 
[01 13] In this cross section the beams pass through 
the stripe images of lines G11, G13, G15,... synthesized 

45 from the parallax image Gl illustrated in Fig. 53 and the 
parallax image G1 is observed in this area. 
[0114] Since each aperture portion 542 of the mask 
pattern 541 is composed of three pixels 544, 545, 546 
herein, a beam passing through each pixel irradiates an 

so area 547, 548. or 549. 

[0115] Likewise, beams in the cross section corre- 
sponding to a scanning line immediately below the 
scanning line of Fig. 54 are radiated into an area GS2. 
as illustrated in Fig. 55. The beams radiated into this 

55 area GS2 are modulated by the synthetic parallax 
image displayed on the display device 210 provided 
between the vertical lenticular lens 520 and the 
observer. In this cross section, the beams pass through 
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the stripe images of lines G22, G24, 026.... synthesized 
from the parallax image G2 illustrated in Fig. 53 and the 
parallax image Q2 is observed in this area. 
[01 1 6] Fig. 56 is a vertical sectional view of the display 
section 110 for display of stereoscopic image. In this 
cross section the aperture portions 542 of the mask pat- 
tern 541 irradiated by the back light source 250 are 
arranged so that images of the aperture portions 542 of 
the optical modulator 540 are formed at such a magnifi- 
cation as to be equal to the pixel width of the display 
device 210 on the image display surface of the display 
device 210 by the action of the horizontal lenticular lens 
530. Therefore, only the element stripe images of the 
parallax image G1 are radiated by properly adjusting 
the positions of the optical modulator 540, the display 
device 210, and the horizontal lenticular lens 530. 
[01 1 7] Likewise, only the element stripe images of the 
parallax image G2 are radiated in the pixel column one 
pixel next to the pixel column of Fig. 56, as illustrated in 
Fig. 57. 

[0118] When the parallax images G1 , G2 are set to be 
the parallax images corresponding to the eyes El, Er 
and when the both eyes are placed in these areas, the 
observer observes the parallax images G1. G2 sepa- 
rately and independently by the left and right eyes, 
respectively and thus can observe a stereoscopic 
image. 

[0119] Fig. 58 to Fig. 60 are explanatory diagrams to 
schematically show the above operation. In Fig. 58, the 
left figure is the main part of a horizontal sectional view 
of the display section 1 1 0 of the display and the right fig- 
ure includes the mask pattern 541 of the optical modu- 
lator 540. the synthetic parallax image 511 of the 
display device 210. and the radiated parallax image 584 
formed at the position of the observer. The radiated par- 
allax image 584 is comprised of parallax images of the 
parallax images G1, G2 and Fig. 58 shows a state in 
which the left and right eyes El, Er of the observer are 
located at the positions of the parallax images G1 , G2. 
[01 20] When the observer moves from this state to the 
left into the state of Fig, 59 or when the observer moves 
to the right into the state of Fig. 60, that is, when the left 
and right eyes observe the respective parallax images 
of G2, G1 . this state is of the pseudo stereoscopy and 
the normal stereoscopic observation is impossible. 
[0121] Now, let us explain the function to permit the 
observer always to observe a normal stereoscopic 
image without occurrence of the state of pseudo stere- 
oscopy even with change in the observation position of 
the observer, referring to Fig. 61 to Fig. 64. 
[0122] Rg. 61 shows the same state as Fig. 58, in 
which the left and right eyes El, Er observe the respec- 
tive parallax images G1 . G2. thus indicating the state of 
normal stereoscopy 

[0123] When the observer moves from this state in 
which the left and right eyes are located in the respec- 
tive areas 1 1 , 8 in the figure, for example, when the left 
and right eyes go into left adjacent areas (areas 10, 7 in 



the figure) out of the three partial areas of the parallax 
images G1, G2 as illustrated in Fig. 62, the aperture 
portions 542 of the mask pattern 541 are moved by one 
pixel to the left as illustrated without changing the syn- 

5 thetic parallax image 511 of the display 210. This 
causes the radiated parallax image 582 to move by an 
area corresponding to one pixel to the left. 
[0124] This control permits the observer to observe 
the images at the centers of the respective image dis- 

10 play areas G1. G2, though the observer moved to the 
left adjacent areas in the three partial areas of the par- 
allax images G1. G2. 

[01 25] In the state of Fig. 63 in which the left and right 
eyes are located in the areas 12. 9 in the figure after the 
15 observer moved to the right, the aperture portions of the 
mask pattern 541 are moved by one pixel to the right as 
illustrated without changing the synthetic parallax image 
511 of the display 210 as illustrated, whereby the radi- 
ated parallax image 584 is moved by an area corre- 
ct? sponding to one pixel to the right. 

[0126] When the observer further moves from this 
state to the right into the state of Fig. 64, the mask pat- 
tern 541 is switched into the illustrated state without 
changing the synthetic parallax image 51 1 , whereby the 
25 radiated parallax image 584 is moved further by an area 
corresponding to a pixel to the right. Likewise, the like 
control is carried out for movement of the observer to 
the left or to the right. 

[0127] As described above, the present embodiment 
30 permits the stable stereoscopic observation without 
occurrence of the pseudo stereoscopy by using the two 
parallax images, successively switching the mask pat- 
tern 541 according to the positions of the visual points, 
and thereby controlling the radiated parallax image 
35 areas associated therewith to the positions of the left 
and right eyes. 

[Embodiment 5] 

40 [0128] Embodiment 5 of the present invention will be 
described next. In Embodiment 1 and Embodiment 2 
the stereoscopic observation can always be permitted 
without occurrence of the state of pseudo stereoscopy 
even with movement of the observer, but the apparatus 

45 experiences the jumping state of image because of the 
switching of the synthetic parallax image during the 
movement. 

[01 29] Embodiment 3 showed the stereoscopic image 
display apparatus capable of always providing the sta- 

so ble stereoscopy to overcome this disadvantage by 
switching the pattern display of the mask pattern, 
whereas present Embodiment 5 is a stereoscopic 
image display apparatus that can assure the stereo- 
scopic state with less jumping by changing the contents 

55 of the synthetic parallax image displayed. 

[0130] The external view, the system configuration, 
the way of forming the synthetic parallax image, etc. are 
the same as in Embodiment 1. The present embodi- 
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ment will be described referring to Fig. 65 to Fig. 70 with 
focus on differences from Embodiment 1 . 
(01 31 1 Fig. 65 is a horizontal sectional view of the dis- 
play section 110 for display of stereoscopic image, 
which corresponds to Fig. 6 of Embodiment 1 . 
[0132] The present embodiment is different from 
Embodiment 1 in that Embodiment 1 was arranged so 
that the lens pitch of the vertical lenticular lens 220 and 
the lens pitch of the horizontal lenticular lens 230 were 
set to be equal to three times the horizontal width Hmw 
and the vertical width Vm, respectively, of the aperture 
portions 242 of the mask pattern 241 of the optical bar- 
rier 240 whereas the present embodiment is arranged 
so that they are set to be equal to six times the horizon- 
tal width and the vertical width, respectively, and in that 
the parallax images displayed simultaneously on the 
display device 210 are six images. In addition, the struc- 
tural conditions of the optical system are changed as 
described hereinafter 

[0133] The action of each element is the same as in 
Embodiment 1. and in Fig. 65 the beams from the aper- 
ture portions 642 irradiate the radiated parallax area 
image GS1 at the observation position. In this connec- 
tion, in Embodiment 1 the radiated area GSl was equal 
to the eye distance E, whereas in the present embodi- 
ment it is set smaller than the eye distance E. from the 
new optical structural conditions. 
[01 34] Fig. 65 shows an example of setting at (1/2)E. 
Fig. 66 is a horizontal sectional view corresponding to a 
scanning line Immediately below the scanning line of 
Fig. 65 to show a state in which the radiated parallax 
image area GS2 is irradiated, and Fig. 67 is a horizontal 
cross section one more scanning line below, 
[0135] Likewise, the radiated parallax image areas 
GS1 to GS6 replace the radiated parallax image areas 
GSl to GS3 in Embodiment 1. 

[0136] Fig. 68 to Fig. 70 are vertical cross sections. 
The structural conditions of the optical system in the 
horizontal cross section wilt be described below refer- 
ring to Fig. 65. Using the same parameters as in 
EmtKXliment 1 , the present embodiment is arranged to 
satisfy the following conditions. 

GS/(Hm/2) = Lh1/Lh2 (Eq. 4) 

Lh1/(Lh1 + Lh2) = Hl/Hm (Eq. 5) 

GS < E (Eq. 6) 

[0137] Here. GS represents the width of the radiated 
parallax image areas at the observation position and 
Fig. 65 to Fig. 70 show the case of: 

GS = Ey2. 

[0138] The parallax images used in Embodiment 1 
were those where the subject was viewed at intervals of 
the spacing corresponding to the eye distance E, 



whereas the present embodiment employs the parallax 
images where the subject is viewed at intervals of the 
spacing corresponding to the distance GS. 
[01 39] The above structure permits the observation of 
5 a stereoscopic image with less jumping than in Embod- 
iment 1 even with switching of the parallax images dis- 
played according to movement of the ot>server. 

[Embodiment 6] 

10 

[0140] The embodiments described heretofore, 
Embodiment 1 to Embodiments, allow the enlargement 
of the stereoscopic area or the wraparound observation 
of a display object, but in either case either eye of the 

15 observer observes only part of all the horizontal scan- 
ning lines of the display at a certain time. Therefore, the 
resolution is lowered in the vertical direction. Present 
Embodiment 6 provides a stereoscopic image display 
apparatus permitting the enlargement of stereoscopic 

20 area or the wraparound observation of display object 
and having a good horizontal resolution. A specific form 
will be described as an application to Embodiment 2 
with focus only on differences from Embodiment 2, but 
the present embodiment can also be applied similarly to 

25 Embodiments 1 . and 3 to 5. 

[0141] Fig. 71 is a block diagram of the system of 
present Embodiment 6. which corresponds to Fig. 32 of 
Embodiment 2, and the present embodiment is different 
from Embodiment 2 in that a time-division display signal 

30 generating-line 700 is added. The time-division display 
signal generating-line 700 outputs a synchronous signal 
of fixed frequency f and this signal is supplied to the 
image processing unit 270 and to the signal synthesiz- 
ing circuit 330 to rewrite the synthetic parallax image 

35 displayed on the display device 210 and the contents of 
the mask pattern of the optical modulator 310 in syn- 
chronism. 

[0142] The frequency f is set to f = m*F where m Is 
the number of parallax Images and F is the frequency at 

40 which the observer recognizes no flicker of the display. 
Fig. 72 to Fig. 75 are explanatory diagrams for explain- 
ing how to display the synthetic parallax image and the 
mask pattern, using the signal of the frequency f. 
[0143] Fig. 72 shows a state corresponding to Fig. 34 

45 of Embodiment 2. From this state, the synthetic parallax 
image of the display 210 and the mask pattern of the 
optical modulator 310 are controlled so as to be 
switched simultaneously every fixed period of the syn- 
chronous signal as illustrated in Figs. 73, 74, and 75 

so and so that the radiated parallax images at the observa- 
tion position become the same parallax images at the 
same positions. 

[0144] This causes each eye of the observer to 
observe the parallax images displayed in alt the horizon- 
55 tal scanning lines of the display 210 within a lag time, so 
that the observer can observe an image with a high hor- 
izontal resolution. 

[0145] As detailed above, the present invention can 
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accomplish the stereoscopic image display apparatus 
having the effects including the following: 

(a-1) the observation of normal stereoscopic image 
is always permitted even with movement of the 
observer, by switching the synthetic parallax image 
displayed on the display and synthesized from a 
plurality of parallax images according to the posi- 
tions of the visual points of the observer, and the 
wraparound observation of display object is permit- 
ted by properly selecting the synthetic parallax 
image displayed and switched; 
(a-2} the observation of normal stereoscopic image 
is always permitted even with use of the limited 
number of parallax images and with movement of 
the observer, by constructing the optical barrier of 
the optical modulator and switching the mask pat- 
tern displayed on the display surface thereof 
according to the positions of the visual points of the 
observer; 

(3-3) the observation of stable stereoscopic image 
is always permitted without jumping of image even 
with movement of the observer, by constructing the 
optical barrier of the optical modulator, composing 
each aperture portion of the mask pattern displayed 
on the display surface thereof of a plurality of pixels, 
and controlling the positions of the aperture por- 
tions according to the positions of the visual points 
of the observer; 

(a-4) the observation of stereoscopic image is per- 
mitted with less degradation of the resolution in the 
vertical direction, by constructing the optical barrier 
of the optical modulator and switching the contents 
of the mask pattern displayed on the display sur- 
face thereof and the synthetic parallax image dis- 
played on the display in synchronism within the lag 
time; arxl so on. 

[0146] A stereoscopic image display apparatus has a 
display section 1 10 and a visual point position detecting 
mechanism for detecting positional information of an 
observer. The display apparatus uses an optical barrier 
having a mask pattern formed therein, arxJ makes a pat- 
terned beam pass through an optical system to illumi- 
nate a display having a discrete pixel structure and 
displaying a synthetic parallax image by use of scanning 
lines. The observer stereoscopically observes the 
image information displayed on the display. The syn- 
thetic parallax image is comprised of m parallax images 
where m is an integer not less than 3. The contents of 
the synthetic parallax image are changed according to 
visual point position information outputted from the vis- 
ual point position detecting mechanism according to 
positions of visual points of the observer. 

Claims 

1 . A stereoscopic image display apparatus comprising 



a visual point position detecting mechanism, said 
display apparatus being arranged to use an optical 
barrier in which a plurality of aperture portions and 
shield portions are arranged horizontally and verti- 

5 cally at a predetermined pitch to form a mask pat- 
tern, irradiate said barrier with a beam from light 
source means to obtain a patterned beam, make 
the patterned beam pass through an optical system 
to illuminate a display having a discrete pixel struc- 

10 ture and displaying a synthetic parallax image by 
use of scanning lines, guide beams based on the 
parallax image displayed on the display, to the right 
eye and to the left eye of an observer, and permit 
stereoscopic observation of image information dis- 

75 played on the display, wherein a predetermined 
synthetic parallax image comprised of plural paral- 
lax images preliminarily prepared as a set of m 
images where m is an integer not less than 3 Is 
selected and displayed according to visual point 

20 position information outputted from the visual point 
position detecting mechanism. 

2. The stereoscopic image display apparatus accord- 
ing to claim 1 . wherein a plurality of synthetic paral- 

25 lax images are provided and said predetermined 
synthetic parallax image is selected from the plural- 
ity plurality of synthetic parallax images. 

3. The stereoscopic image display apparatus accord- 
30 ing to Claim 1 , wherein said optical system com- 
prises a vertical cylindrical lens array having a 
plurality of vertical cylindrical lenses having a gen- 
erating-line along the vertical direction and arrayed 
in the horizontal direction, and a horizontal cyllndri- 

35 cal lens array having a plurality of horizontal cylin- 
drical lenses having a generating-line along the 
horizontal direction and arrayed in the vertical direc- 
tion. 

40 4. The stereoscopic image display apparatus accord- 
ing to Claim 3, wherein a lens pitch of said horizon- 
tal cylindrical lens array is m x n times a vertical 
width of the mask pattern of said optical barrier 
where n is an integer. 

45 

5. The stereoscopic image display apparatus accord- 
ing to Claim 1 , wherein a horizontal width of stripe- 
shape irradiation areas of the m parallax images 
projected to an observation position of the observer 

50 is set to be equal to or smaller than a distance 
between the eyes of the observer. 

6. The stereoscopic image display apparatus accord- 
ing to Claim 1. wherein the plural parallax images 

55 forming the synthetic parallax image are images 
observed from visual point positions spaced corre- 
sponding to a distance set to be equal to or smaller 
than a distance between the eyes. 
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7. The stereoscopic image display apparatus accord- 
ing to Claim 1. wherein the m parallax images dis- 
played simultaneously, and the other parallax 
images preliminarily prepared are displayed as 
being switched according to an output from the vis- 
ual point position detecting mechanism for detect- 
ing positions of visual points of the observer, 
whereby the parallax Images guided to the both 
eyes of the observer always provide normal stere- 
oscopy for the observer, irrespective of movement 
of the positions of the visual points. 

8. The stereoscopic Image display apparatus accord- 
ing to Claim 1 , wherein said visual point position 
detecting mechanism is arranged to detect on 
which side the visual points of the observer are 
located with respect to centers of stripe-shape irra- 
diation areas of the m parallax images projected to 
the observation position, movement of the observer 
is predicted based on information thus detected, 
and the synthetic parallax image is displayed as 
being switched based thereon. 

9. A stereoscopic image display apparatus comprising 
a visual point position detecting mechanism, said 
display apparatus being arranged to form a mask 
pattern having a plurality of aperture portions and 
shield portions arranged horizontally and vertically 
at a predetermined pitch on a display surface of an 
optical modulator having a discrete pixel structure, 
irradiate the optical modulator with a beam from 
light source means to obtain a patterned beam, 
make the patterned beam pass through an optical 
system comprising a vertical cylindrical lens array 
consisting of vertical cylindrical lenses having a 
generating-line along the vertical direction and a 
horizontal cylindrical lens array consisting of hori- 
zontal cylindrical lenses having a generating-line 
along the horizontal direction to illuminate a display 
having a discrete pixel structure and displaying a 
synthetic parallax image by use of scanning lines, 
guide beams based on the parallax Image dis- 
played on the display to the right eye and to the left 
eye of an observer, and permit stereoscopic obser- 
vation of image information displayed on the dis- 
play, wherein said synthetic parallax image is 
comprised of m parallax images where m is an inte- 
ger not less than 2 and a lens pitch of the horizontal 
cylindrical lens array is m x n times a vertical width 
of the aperture portions of the mask pattern where 
n is an integer 

10. The stereoscopic image display apparatus accord- 
ing to Claim 9, wherein a pattern shape of the mask 
pattern of the optical modulator is changed accord- 
ing to visual point position information outputted 
from the visual point position detecting mechanism 
according to positions of visual points of the 



observer. 

11. The stereoscopic image display apparatus accord- 
ing to Claim 9, wherein a horizontal width of stripe- 
5 shape irradiation areas of the m parallax images 
projected to an observation position of the observer 
is set to be equal to or smaller than a distance 
between the eyes of the observer. 

TO 12. The stereoscopic image display apparatus accord- 
ing to Claim 9, wherein the plural parallax images 
forming the synthetic parallax image are images 
observed from visual point positions spaced corre- 
sponding to a distance set to be equal to or smaller 

15 than a distance between the eyes. 

13. The stereoscopic image display apparatus accord- 
ing to Claim 9, wherein a pattern shape of the mask 
pattern of the optical modulator is changed accord- 

20 ing to an output from the visual point position 
detecting mechanism for detecting positions of vis- 
ual points of the observer, whereby the parallax 
images guided to the both eyes of the observer are 
controlled so as to provide normal stereoscopy for 

25 the observer. 

14. The stereoscopic image display apparatus accord- 
ing to Claim 13. wherein each aperture portion of 
the mask pattern of the optical modulator is com- 

30 prised of a plurality of pixels, whereby each stripe- 
shape irradiation area projected to an observation 
position is controlled to be divided into a plurality of 
areas. 

35 15. The stereoscopic image display apparatus accord- 
ing to Claim 9. comprising switching means for 
changing the contents of the synthetic parallax 
image according to visual point position information 
outputted from the visual point position detecting 

40 mechanism according to positions of visual points 
of the observer where the number of parallax 
images is m or more. 

16. The stereoscopic image display apparatus accord- 
45 ing to Claim 9, wherein when said m parallax 
images are projected into m vertical stripe-shape 
areas at an observation position, a pattern shape of 
said mask pattern is switched periodically and in 
synchronism therewith, the parallax images dis- 
50 played on said display device are displayed as 
being switched, whereby the parallax images pro- 
jected into the same areas in the vertical stripe- 
shape parallax images projected to the observation 
position are always the same parallax images. 

55 
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